G estational diabetes mellitus (gdm) is defined as any degree of glucose intolerance with onset or first recognition during pregnancy.
and offspring. GDM is preventable and, even after onset, if detected early can be reversible. Therefore, early detection of GDM provides a window of opportunity to intervene and reduce adverse perinatal outcomes. 7 The treatment of choice for GDM includes medical and non-medical interventions. Medical interventions include oral hypoglycaemic agents and insulin therapy. Although insulin therapy traditionally has been the firstline treatment, it is not without its challenges. 8 Nonmedical interventions are recommended as first-line treatments and involve self-care through lifestyle modifications (typically diet and exercise) and self-monitoring of blood glucose levels (SMBG). 9 Therefore, the purpose of this literature review was to investigate non-medical strategies used to treat GDM in order to improve pregnancy outcomes.
Literature Review
A literature search was performed using PubMed ® (National Library of Medicine, Bethesda, Maryland, USA), Cumulative Index to Nursing and Allied Health Literature ® (EBSCO Information Services, Ipswich, Massachusetts, USA) and SCOPUS ® (Elsevier, Amsterdam, Netherlands) to retrieve all peer-reviewed articles published between 2005-2015. Abstracts were screened by at least two investigators using the following inclusion criteria: the article had to be published in a peer-reviewed journal between 2005-2015; written in English; involved human female subjects in the reproductive age group; and have the primary aim of assessing different strategies or interventions in decreasing the incidence of at least one GDM-related complication among women with GDM. Keywords used included "educational non-medical strategies", "improved pregnancy outcomes", "treatment", "pregnancy", "GDM", "gestational diabetes", "life-style", "diet", "exercise", "maternal outcomes" and "neonatal outcomes".
The literature search identified 15 studies that met the review's inclusion criteria [ Table 1 ]. In the reviewed articles, the intervention group received a combination of strategies or a single strategy that was compared to a control group. Seven studies reported effects of particular dietary advice, one trial described the impact of regular exercise and five studies evaluated a combination of different lifestyle modifications involving both diet and exercise. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Moreover, one study examined vitamin D supplementation and one evaluated probiotics supplementation. 23, 24 Insulin treatment was considered in most studies if the glycaemic target was not achieved after using other strategies. Assessment of risk of bias was performed for each study by considering eight domains: 1) randomisation of participants; 2) whether the study was double-blinded; 3) sample size power; 4) the use of appropriate statistical analyses; 5) an adequate intervention period; 6) managed violations in assumptions of statistical tests; 7) whether the study was controlled for confounding factors; and 8) controlled for co-intervention. Each domain was assigned one point, where a total score ≥5 indicated low-to-moderate risk of bias and a total score of <5 indicated a moderate-to-high risk of bias.
Effectiveness of Dietary Strategies
Seven experimental studies evaluated the effectiveness of various dietary strategies-included a low-sodium diet, a low-to-moderate carbohydrate diet, a low-glycaemic index (LGI) diet and a high-fibre (HF) diet-for improving maternal and neonatal outcomes in women with GDM. [10] [11] [12] [13] [14] [15] [16] Five studies implementing dietary strategies demonstrated statistically significant reductions in the incidence of at least one GDM-related complication. 10, 12, 13, 15, 16 A detailed investigation of these studies revealed various outcomes. Asemi et al. 's 2014 randomised controlled trial (RCT) revealed that consuming a low-sodium diet (2,400 mg/day) for four weeks was associated with significantly lower CS risks and macrosomia rates and less need for insulin treatment. 11 The low-sodium diet included fruits, vegetables, whole grains, low-fat dairy products and reduced amounts of saturated fats. Similarly, Landon et al. conducted a single-blinded RCT and found that a combination of dietary counselling, nutrition therapy and SMBG were significantly associated with reduced rates of pre-eclampsia, CS, macrosomia and the likelihood of babies being large for gestational age (LGA). Furthermore, the intervention group experienced significantly lower weight gain compared to the control group (P <0.001).
14 Unfortunately, specific dietary recommendations were not reported in this study.
A study with a quasi-experimental design conducted by Perichart-Perera et al. found that the risk of having a baby with low birth weight (<2,500 g) was significantly lower among women with GDM who had received medical nutrition intervention versus those in the control group (P = 0.041). 16 Medical nutrition therapy consisted of moderate carbohydrate intake (40-45%), SMBG and individual nutrition counselling. Compliance rates were acceptable and 73.1% of the intervention participants were adherent to the recommended dietary advice. 16 A double-blinded RCT conducted by Crowther et al. reported that women with GDM who received individualised dietary advice and instructions about SMBG had a significant reduction in the incidence of serious perinatal adverse effects-including neonatal death, shoulder dystocia, bone fracture and nerve palsy-compared to women who received routine 
(2004)
• No significant difference between intervention and control groups for requiring insulin therapy, average Apgar scoreat five minutes, rate of induction of labour, rate of CS, rate of macrosomia, rate of neonatal admission to NICU, rate of pre-eclampsia or pregnancy induced hypertension and rate of LGA (P ≥0.10).
Asemi et al.
(2014)
• The DASH group had a significant reduction in CS rate, macrosomia rate and need for insulin therapy compared to the control group (P ≤0.01).
• No significant difference was found for newborn length,Apgar score at five minutes, incidence of polyhydramnios and mean gestational age (P ≥0.31).
MorenoCastilla et al.

(2013)
• Maternal weight gain was significantly higher in the control group (2.1 kg) than the low-CHO group (1.1 kg; P = 0.017).
• No significant difference was found for average gestational age at delivery, incidence of ketonuria or rates of CS, macrosomia, newborn hypoglycaemia or insulin treatment (P ≥0.2).
Crowther et al.
(2005)
• The intervention group had a significantly higher rate of NICU admission and induction of labour compared to the control group (P ≤0.01).
• No significant difference was found for neonatal death, stillbirth, neonatal bone fracture, nerve palsy, neonatal jaundice requiring phototherapy and the need for either elective or emergency CS (P ≥0.11).
Landon et al.
(2009)
• No significant difference was found between the intervention and control groups for the average gestational age at birth, rate of neonatal jaundice, neonatal hypoglycaemia, birth trauma, preterm delivery, respiratory distress syndrome or neonatal admission to NICU (P ≥0.12).
• A significant difference was found for reduced birth weight, macrosomia rate, LGA, reduced risk for pre-eclampsia rate, reduced risk for CS, average BMI at delivery and average weight gain (P ≤0.02).
Louie et al.
(2011)
• The LGI group had a significantly lower glycaemic load than the HF group (P ≤0.001).
• No significant difference was detected for average birth weight, rate of macrosomia, rate of LGA, average maternal weight gain, rate of insulin treatment and rate of emergency CS (P ≥0.2).
PerichartPerera et al.
(2009)
• A significant difference was found between control and MNT groups for rate of pre-eclampsia, first maternal hospitalisation rate and neonatal admission rate at intermediate care unit (P ≤0.001).
• Women in the control group were at a significantly higher risk of having babies with low birth weight (P = 0.041).
Sugiyama et al.
(2014)
• No significant difference was found between the intervention and control groups for pregnancy-induced hypertension, CS or the frequency of LGA and macrosomia (P >0.05).
• No significant difference was found in neonatal complications (including RDS, hypoglycaemia and jaundice; P >0.05).
Barakat et al.
(2013)
• No significant difference was found between the exercise and control groups for requirement of CS, average neonatal birth weight, average Apgar score at one minute and the average gestational age in days (P ≥0.2).
• Rate of macrosomic babies was significantly higher in the control group than the exercise group (P = 0.002).
Artal et al.
(2007)
• 38.6% of DR group subjects were prescribed insulin, while only 35.1% of EDR group subjects needed insulin to maintain normal blood glucose levels.
• There was no significant difference for the mean infant birth weight (P = 0.24).
• The incidence of CS was similar in the EDR and DR groups (50.0% versus 44.7%).
• Subjects in both groups who experienced weight gain were at higher risk for having macrosomic babies compared to those who had weight loss or no weight change (P = 0.12).
Bo et al.
(2014)
• The DR group showed the highest maternal complications (12%).
• Neonatal complications were highest among the DR group (10%).
• Exercise groups (ER and BDER) had the lowest CS rates (17.7% and 16%, respectively).
• ER group had the lowest rate of LGA (9.8%).
Cao et al.
(2012)
• The intervention group had a significant reduction in rates of premature delivery, admission to NICU and average birth weight compared to the control group (P ≤0.05).
• Although not significant, yet subjects who received intensive treatment had a lower macrosomic rate (P = 0.143).
• Risk for CS was higher in the intervention group, while the risk of pre-eclampsia was higher in the control group.
• Percentage receiving insulin treatment was higher in the intervention group (33.9% versus 26.4%).
Yang et al.
(2014)
• The control group had a significantly higher rate of macrosomia and LGA than the intervention group (P ≤0.01).
• Pre-eclampsia was significantly higher in the intervention group than the control group (P = 0.031).
• Apgar score <7 was significantly higher in the control group compared to the intervention group (P = 0.02).
(2015)
• Women receiving vitamin D supplementation had a significant improvement in relation to the incidence of polyhydramnios, neonatal jaundice and newborn admission compared to the control group (P ≤0.04).
• No significant difference was found for pre-eclampsia, preterm delivery, macrosomia, need for CS, insulin treatment, babies' gestational age at delivery, Apgar scores at one and five minutes and newborn hypoglycaemia (P ≥0.13).
Lindsay et al.
• Probiotic supplementation had no significant effect on improving the maternal metabolic values or improving the pregnancy outcomes of women with GDM. 
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Review | e7 prenatal care (P ≤ 0.01). 13 Finally, Sugiyama et al. found a significantly lower rate of LGA and lower maternal weight gain when comparing diet therapy alone or in combination with SMBG and insulin (if needed) with the control group that received routine antenatal care. 17 They found that both pre-pregnancy body mass index (BMI) and weight gain during pregnancy were independently correlated with the incidence of LGA.
Two dietary-based studies were unsuccessful in improving any maternal or neonatal outcomes of women with GDM.
12,15 Moreno-Castilla et al. conducted a study in Spain that failed to find a significant difference between the low-carbohydrate group and the control diet group in terms of the maternal and neonatal outcomes. 12 Similarly, Louie et al. reported no significant difference between the LGI diet group and the HF diet group in relation to the incidence of macrosomia, CS, high blood glucose levels, glycated haemoglobin (HbA1c) and the need for insulin therapy. 15 Due to the fact that the reviewed studies implemented different dietary strategies, reported inconsistent results, had diverse population compositions and heterogeneous inclusion criteria, a definitive conclusion with regard to implementation of dietary strategies could not be reached. Additionally, the inclusion of pregnant women with various degrees of hyperglycaemia and the inconsistency in diagnostic criteria employed for GDM diagnosis across these studies further contributes to an inability to make informed recommendations on appropriate diets for women with GDM. For example, studies used criteria from the American Diabetes Association, the 2006 National Diabetes and Pregnancy Clinical Guidelines, World Health Organization, the Australian Diabetes in Pregnancy Society and the Society of Obstetrics and Gynecology and one study did not clearly state which diagnostic criteria was used for GDM diagnosis. [10] [11] [12] 14, 15 Adherence to suggested dietary advice may have a considerable impact on the effectiveness of specific dietary behaviours. Only one study reported that compliance to the recommended dietary strategy resulted in improved findings. 15 Perichart-Perera et al. studied a mixed population of women with GDM and women with T2DM; however, compliance with the dietary advice among the group of women with GDM was not reported, making it difficult to evaluate adherence. 16 Furthermore, women's interest in the specific dietary advice that they received and their readiness to change their dietary behaviours were not measured in two unsuccessful studies, which may have played a role in the outcomes. 12, 15 Changing dietary behaviours may be challenging, especially during the relatively short period of time that is pregnancy. Therefore, it is essential to support and encourage women with GDM to enhance dietary adherence during the new intervention.
The quality of the evidence and the risk of bias varied across the reviewed studies. Two of the five clinical trials that reported a significant effect on improving pregnancy outcomes had a low-to-moderate risk of bias and three had a moderate-to-high risk. 10, 11, 13, 14, 16 In relation to the studies that were unsuccessful in improving pregnancy outcomes in women with GDM, one had a low-to-moderate risk of bias and the other had a moderate-to-high risk. 12, 15 Numerous factors may have contributed to an increased risk of bias among these studies, such as the study design, length of the study and the statistical analyses used. Two studies were not double-blinded and lacked random assignment of subjects to treatment; these findings limit the validity of the final outcomes. 16, 17 All five clinical trials that reported improved pregnancy outcomes had short intervention periods which may have underestimated the true impact of the interventions. 10, 11, 13, 14, 16 Of these, four studies included women who were receiving insulin treatment. 11, 13, 14, 16 As insulin has a hypoglycaemic effect, this may have enhanced the effect of the intervention, therefore leading to an overestimation of positive findings. However, both clinical trials that reported the intervention group as having negative associations with improving pregnancy outcomes included women on insulin treatment which minimises the risk of insulin as a confounding factor. 12, 15 Furthermore, none of the studies, except Crowther et al. 's study, controlled for the subjects' demographic characteristics in their statistical analyses, which may have had confounding effects on the outcome and potentially increased bias. 13 Finally, only two studies clearly stated that assumptions related to normality of distribution had been checked and both reported significant improvements in pregnancy outcomes.
10,13
Effectiveness of Exercise Strategy
One double-blinded RCT's objective was to evaluate the effectiveness of regular exercise in reducing the risk of GDM-related complications. 17 The study found that moderate-intensity resistance and aerobic exercise (three days/week, 25-30 min/session) had a significant impact on reducing macrosomia rates, decreasing the percentage of CS and restricting weight gain. More than 95% of the subjects were adherent to the training sessions, which justifies the significant results. However, this study had a moderate-to-high risk of bias. One of the potential biases was that the group's allocation was not blinded to the project staff, thus increasing the likelihood of information bias. Moreover, no mention was made of whether statistical assumptions were checked and whether potential violations to those assumptions 
Effectiveness of Dietary and Exercise Strategies
Five RCTs examined the efficacy of mixed strategies, such as diet in combination with exercise and SMBG, on improving maternal and neonatal outcomes in women with GDM and their offspring. [18] [19] [20] [21] Generally, these four studies showed a beneficial effect on limiting the incidence of at least one GDM-related complication. In a non-double-blinded RCT study, Bo et al. found that an exercise intervention applied either alone or in combination with a behavioural intervention was associated with a significant reduction in the incidence of CS, HbA1c, postprandial glucose and LGA in comparison to a diet and behavioural intervention alone. 20 Behavioural strategies included oral and written cues to encourage the participant to make healthy dietary choices.
Cao et al. demonstrated that an intensive treatment regimen resulted in a significantly reduced incidence of premature delivery, neonatal admission to the neonatal intensive care unit and an average birth weight. 21 Comparably, Yang et al. found that lifestyle interventions significantly reduced macrosomia rates, LGA and infant Apgar scores less than seven at one minute. 22 Nevertheless, Yang et al. ' s study showed that lifestyle interventions were significantly associated with increased risk for preeclampsia. Women who received lifestyle modifications (diet and exercise) in this study had a significantly higher rate of achieving target physical activity in the previous month (30 minutes/time, ≥7 times/week) than the diet group alone; however, this finding brings to attention the risk involved in overdoing physical activities during pregnancy.
Artal et al. 's study showed that an exercise intervention limited weight gain among obese GDM women but there was no significant difference in gestational age at delivery, the need for CS and birth weight. 19 One possible explanation is that Artal et al. considered subjects' preference in assignment to the exercise group, possibly justifying the limited weight gain within this group. On the other hand, several factors could have contributed to the non-significant findings in Artal et al. 's study. Missing data for the infant birth weight, gestational age at delivery and delivery method in both groups may have resulted in biased findings. However, it was found that subjects who experienced weight gain were at higher risk for having macrosomic babies in comparison to those who had weight loss or no weight change. 18 It is important to note that these findings are based on limited data generated from RCTs with a moderateto-high risk of bias and caution should be taken when interpreting their results. The above studies varied in their population composition and diagnostic criteria used for GDM diagnosis. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In addition, due to the nature of the pregnancies, none of these studies had an adequate intervention period, which may have led to underestimation of study findings. Four studies had a risk of bias from insulin treatment administered parallel to the study interventions, thereby affecting the validity of the results. 13, 14, 16, 17 Three studies shared the risk of information bias for not blinding outcome assessors, thereby potentially increasing the risk of inflated study findings. 19, 20, 22 Furthermore, only Bo et al. 's study controlled for subjects' ages, baseline metabolic activity and pre-pregnancy BMI in their data analysis, which increases confidence in their findings. 20 In light of the above limitations, the data appear to be consistent in reporting low macrosomia rates, low LGA and CS rates among women with GDM who received lifestyle modifications compared to women who received only routine antenatal care. [20] [21] [22] The evidence supports the efficacy of dietary strategies combined with moderate exercise and SMBG in decreasing the incidence of GDM-related complications.
Effectiveness of Dietary Supplements Strategies
Studies that examined dietary supplements have demonstrated an impact in recommended areas of GDM outcomes. Asemi et al. 's double-blinded RCT showed that consumption of vitamin D supplements was significantly associated with a reduction in the incidence of polyhydramnios, neonatal jaundice and neonatal admission to the neonatal intensive care unit among women with GDM compared to patients receiving a placebo supplement. 23 This study was in response to accumulating evidence towards an association between abnormal glucose levels and vitamin D deficiency. In general, this study had a lowto-moderate risk of bias. A potential source of bias was the risk for confounding factors since women in the control group may have received vitamin D from other sources, such as sun exposure and fortified foods. However, no significant difference was found between the vitamin D and placebo groups in relation to vitamin D intake. The serum 25-hydroxyvitamin D level was significantly higher among the vitamin D group, indicating a low risk of confounding factors. Overall, it appears that supplementing the diets of women with GDM with vitamin D is promising in reducing GDM-related adverse effects.
The metabolic effects of probiotic supplementation has recently been investigated by Lindsay et al. in a doubleblinded, placebo-controlled RCT. 24 This RCT revealed that probiotic supplementation did not have a significant effect on improving maternal metabolic values or improving the pregnancy outcomes for women with GDM. This could be due to the high drop-out rate (18%) of the RCT after starting the treatment.
Discussion
GDM is a worldwide metabolic problem that has negative maternal and neonatal effects with long-term consequences. In light of the reviewed literature, various interventions have been offered to improve maternal and neonatal outcomes among women with GDM.
Although the majority of the reviewed articles were RCTs with powered sample sizes and appropriate statistical analyses, most of these studies had methodological issues, such as risk for confounding factors and a risk for information bias and contamination. In addition, samples lacked diversity, with the majority of these studies targeting women who are Caucasian.
As the studies in this review do not provide enough evidence to guide clinical practice and health policy; welldesigned double-blinded RCTs are needed to identify the best strategies to improve GDM outcomes. Further clinical trials should explore the type, intensity and duration of exercise that would improve pregnancy outcomes. In addition, the effectiveness of probiotics and vitamin D supplementation on pregnancy outcomes in women with GDM needs to be further studied.
Conclusion
Although the literature is growing in the field of GDM management, the incidence rate of GDM-related complications continues to rise, most likely due to unhealthy lifestyle behaviours. In general, insufficient focus has been directed towards the prevention of GDM-related complications. Furthermore, there is a lack of evidence about the strategies that enhance adherence to healthy lifestyle behaviours. The focus of upcoming research should be on identifying the factors that enhance and encourage adherence to healthy behaviours, such as increased selfefficacy towards healthy behaviours.
